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Abstract: 

Objective: Obesity and iron deficiency (ID) are the 2 most common nutritional disorders worldwide causing significant 
public health implications. Obesity is characterized by the presence of low-grade inflammation, which may lead to a number 
of diseases including insulin resistance (IR) and type 2 diabetes. Increased levels of acute-phase proteins such as C-reactive 
protein (CRP) have been reported in obesity-related inflammation. The aim of this study was to investigate the impact of 
obesity/IR on iron and red blood cell related parameters. 

Materials and Methods: A total of 206 patients and 45 control subjects of normal weight were included in this cross- 
sectional study. Venous blood samples were taken from each patient to measure hemoglobin (Hb), serum iron (Fe), iron- 
binding capacity (IBC), ferritin, CRP, fasting blood glucose, and fasting insulin. Body mass index (BMI) and waist-to-hip ratio 
(WHR) were calculated for each patient. IR was determined using the HOMA-IR formula. 

Results: Subjects were divided into 3 groups according to BMI. There were 152 severely obese (BMI: 42.6±10.1), 54 mildly 
obese (BMI: 32.4±2.1), and 45 normal-weight (BMI: 24.3±1.3) patients. Hb levels in severely obese patients and normal controls 
were 12.8±1.3 g/dL and 13.6±1.8 g/dL, respectively. We found decreasing Fe levels with increasing weight (14.9±6.9 pmol/L, 
13.6±6.3 pmol/L, and 10.9±4.6 pmol/L for normal controls and mildly and severely obese patients, respectively). Hb levels 
were slightly lower in patients with higher HOMA-IR values (13.1±1.5 g/dL vs. 13.2±1.2 g/dL; p=0.36). Serum iron levels were 
significantly higher in the group with low HOMA-IR values (13.6±5.9 pmol/L vs. 11.6±4.9 pmol/L; p=0.008). IBC was found to 
be similar in both groups (60.2±1 1.4 pmol/L vs. 61.9±10.7 pmol/L; p=0.23). Ferritin was slightly higher in patients with higher 
HOMA-IR values (156.1±209.5 pmol/L vs. 145.3±131.5 pmol/L; p=0.62). 

Conclusion: Elevated BMI and IR are associated with lower Fe and hemoglobin levels. Fhese findings may be explained by 
the chronic inflammation of obesity and may contribute to obesity-related co-morbidities. People with IR may present with 
ID without anemia. 
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Ozet: 

Ama^: Diinyada en sik goriilen beslenme bozukluklarindan olan obezite ve demir eksikligi onemli halk sagligi sorunlarina 
yol acmaktadir. Kronik, diisiik dereceli inflamasyon ile karakterize olan obezite insulin direnci ve tip 2 diyabetes mellitus gibi 
ciddi hastaliklara zemin hazirlar. Obezite ile iliskili inflamasyonun C reaktif protein (CRP) ve bazi sitokinler gibi akut faz 
yaniti olusturan proteinlerin diizeyinde artisa neden oldugu gosterilmistir. Bu calismada obezite ve insulin direncinin demir 
ve eritrosit ile iliskili parametreler iizerindeki etkisinin arastirilmasi amaclanmistir. 

Gere£ ve Yontemler: Bu tek merkezli, kesitsel calismaya obezite poliklinigine basvuran 206 hasta ve 45 normal kilolu 
saglikh kontrol dahil edilmistir. Hastalardan alinan venoz kan orneklerinde hemoglobin (Hb), demir, demir baglama kapasitesi 
(DBK), ferritin, CRP, aclik sekeri ve insulin diizeyleri calisilmistir. Aynca calismaya alinan her hastanin vucut kittle indeksi 
(VKI), bel/kalca orani (BKO) hesaplanmis, insulin direnci HOMA-IR formulii ile bulunmustur. 

Bulgular: Hastalar VKi'lerine gore 3 gruba aynldi. Buna gore ileri derecede obez olan 152 hasta (VKi: 42,6±10,1), hafif obez 
54 hasta (VKi: 32,4±2,1) ve normal kilolu 45 kontrol (VKi: 24,3±1,3) vardi. ileri derecede obezlerle karsilastmldiginda normal 
kilolu hastalarda Hb diizeyleri daha yiiksek (sirasiyla 12,8±1,3 g/dL ve 13,6±1,8 g/dL) saptandi. Serum demir diizeylerinin 
artan kilo ile birlikte azaldigi goriildii (normal, hafif ve ileri derecede kilolu hastalarda sirasiyla 14,9±6,9 umol/L, 13,6±6,3 
umol/L ve 10,9±4,6 umol/L) HOMA-IR degeri yiiksek hastalarda diisiik olanlara nazaran Hb diizeyleri hafif azalmis bulundu 
(13,1±1,5 g/dL'ye karsilik 13,2±1,2 g/dL; p=0,36). Serum demir diizeyleri diisiik HOMA-IR'h hastalarda anlamli olarak daha 
yuksekti (13,6±5,9 umol/L'ye karsilik 11,6±4,9 umoi/L; p=0,008). DBK her iki grupta da benzerdi (60,2±11,4 umoi/L'ye 
karsilik 61,9±10,7 umoi/L; p=0,23). Ferritin diizeyleri yiiksek HOMA-IR'h grupta anlamli olmasa da daha yiiksek bulundu 
(156,1±209,5 pmol/L'ye karsilik 145,3±131,5 pmol/L; p=0,62). 

Sonuc: Artmis VKi ve insulin direnci, diisiik hemoglobin ve serum demir diizeyleri ile iliskili bulunmustur. Bu bulgular 
kismen obezitede goriilen diisiik dereceli inflamasyon ile aciklanabilir ve obezite ile iliskili ek hastaliklarin olusmasina katki 
saghyor olabilir. insulin direnci bulunan hastalarda anemi gozlenmeksizin subklinik demir eksikligi goriilebilir. 

Anahtar Sozciikler: Obezite, insiilin direnci, Anemi, inflamasyon 



Introduction 

Obesity andiron deficiency (ID) are 2 of the most common 
nutritional disorders worldwide [1]. ID, in developed 
countries, is the most common nutritional deficiency and 
has been linked to obesity in adults and children [2]. The 
association between iron status and obesity is one that 
should be explored further, as obesity and ID are diseases that 
continue to evolve globally, and both have significant public 
health implications [3]. The global incidence of obesity has 
increased dramatically over the past 50 years. Currently 
more than 1 billion people are thought to have a body 
mass index (BMI) of more than 30 kg/m 2 , and the number 
is expected to increase dramatically over the next 30 years 
[4] . The prevalence of ID and iron deficiency anemia (IDA) 
is highest in the developing world; however, suboptimal 
iron status continues to exist in the developed countries. 
Epidemiological studies have shown that the prevalence of 
anemia increases with age [5]. Among micronutrients, iron 
plays a major role not only for hemoglobin synthesis alone, 
but also for oxidative metabolism and energy production. 
ID and IDA have been shown to underlie important public 
health issues; diminished iron reserves affect cognitive 
development and behavior, energy metabolism, immune 
function, bone health, and work capacity in humans [6] . 

The inverse correlation between plasma iron and 
adiposity in children and adolescents was recently reported 



by Pinhas-Hamiel et al. They showed that low iron levels 
were present in 38. 8%, 12.1%, and 4.4% of obese, overweight, 
and normal- weight children, respectively [7]. Obesity is 
characterized by the presence of low-grade inflammation and 
the risk of developing a number of chronic diseases, such as 
insulin resistance (IR) and type 2 diabetes. Obesity-related 
inflammation increases plasma levels of many acute-phase 
proteins such as C-reactive protein (CRP), hepcidin, and 
several cytokines [8]. We hypothesized that IR and obesity 
may be associated with decreased hemoglobin and changes 
in the iron parameters, including serum iron levels, iron- 
binding capacity (IBC), and serum ferritin. Obesity-related 
inflammation is expected to result in reduced hemoglobin 
and serum iron levels in obese adults and subjects with IR. 
The purpose our study was to examine the relation among 
hemoglobin, serum iron, total IBC, CRP, and IR in obese 
patients and compare this to normal-weight adults. 

Materials and Methods 

This cross-sectional study included 251 subjects (203 
females and 48 males) comprising 206 patients, with no 
established chronic or hematologic diseases, and 45 normal- 
weight healthy controls without any prior personal history 
of obesity or diet. None of the patients had undergone gastric 
bypass surgery or an intervention for the surgical treatment 
of obesity. Menstrual cycles and reproductive history were 
obtained in premenopausal women. Women with menstrual 
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irregularities were excluded. People on iron therapy or 
consuming dietary supplements or vitamins containing iron, 
and subjects having received non-steroidal anti-inflammatory 
drugs 48 h prior to blood sampling, were also exempted. None 
of the included subjects had a history of blood donation or 
transfusion. Neither patients nor the healthy controls were 
regular alcohol drinkers. All patients were weighed using a 
digital weighing scale with light clothing on, and without 
shoes. Their heights were measured standing on a fixed 
stadiometer. BMI was calculated by dividing body weight 
in kilograms by body height squared in meters and patients 
were divided according to the World Health Organization 
recommended cut-off points into 5 groups: normal weight 
(BMI of <25 kg/m 2 ), overweight (BMI of 25 to <30 kg/m 2 ), 
mildly obese (BMI of 30 to <35 kg/m 2 ), moderately obese 
(BMI of 35 to <40 kg/m 2 ), and severely obese (BMI of >40 
kg/m 2 ). Waist circumference (WC) and hip circumference 
(HC) were also measured using a flexible measuring tape 
and waist-to hip ratio (WHR) was then calculated. All 
subjects fasted for at least 12 h before blood sampling for 
biochemical analysis. Fasting blood glucose levels were 
measured spectrophotometrically using the Abbot Aeroset 
2.0 (Abbot Diagnostic, USA). Serum iron was measured by 
the ferrozine method. Serum iron of less than 8.95 umol/L 
indicated ID based on the reference ranges (normal range: 
8.95-30.43 umol/L) provided by the manufacturer. Ferritin 
was measured using the chemiluminescence method and 
values of less than 22.47 pmol/L (normal range: 22.47- 
633.65 pmol/L) were accepted as ID. The analysis of CRP 
was performed by immunoturbidity. Hemoglobin and 
hematocrit were measured with the Advia 2120 Siemens 
blood counter. According to World Health Organization 
guideliness the standard values of grading of anemia are <12 
g of hemoglobin in female and <13 g of hemoglobin in male. 
Insulin was measured by the electro-chemiluminescence 
immunoassay method on a Roche -Hitachi E 170. IR 
was calculated using the homeostasis model assessment 
formula: HOMA-IR =(fasting insulin (mU/L) x glucose 



(mmol/dL)/22.5. The study was conducted in accordance 
with the Helsinki Declaration and rules of Good Clinical 
Practice. It was approved by the local ethics committee. 

Statistics 

Statistical analysis was performed using SPSS 17.00 for 
Windows. Baseline data were expressed as means±standard 
deviations. To analyze differences between groups we used 
the independent samples t-test. A value of p<0.05 was 
considered as significant. 

Results 

The information about age, sex, and body measurements 
of the 251 subjects are given in Table 1. On the basis of BMI, 
3 groups were identified: there were 152 severely obese 
(BMI: 42.6±10.1), 54 mildly obese (BMI: 32.4±2.1), and 
45 normal-weight (BMI: 24.3±1.3) patients. As expected, 
severely and mildly obese patients had significantly higher 
values for BMI, WC, HC, and WHR when compared to 
normal controls. CRP levels were higher in the obese group, 
although without statistical significance. Hemoglobin 
and hematocrit levels were significantly higher in people 
with normal weight when compared to the severely obese 
(13.6±1.1 g/dL vs. 12.8±1.3 g/dL, p=0.015; 41.0±3.8% vs. 
38.5±3.6%, p=0.007, respectively) (Table 2). This may partly 
be explained by the lower female-to-male ratio in the normal- 
weight healthy controls in comparison to the severely obese 
group (0.64 vs. 0.90). Hemoglobin and hematocrit levels 
were higher in both normal and obese males than normal 
and obese females. Hemoglobin values were 14.2±0.8g/ 
dl vs 14.7±l.lg/dl p=0.15; 13.1±0.6g/dl vsl2.7±1.2g/dl 
p=0.02 respectively. Hematocrit values were 44; 0±42.6% 
vs 44.0±43.1% p=0.98; 39.0±2.4% vs. 38.1±3.5% p=0.37, 
respectively (Table 3). Although there was no significant 
association between ferritin levels and the degree of obesity, 
ferritin values were higher in the non-obese group. Serum 
iron levels were measured to be significantly higher in people 
with normal weight than in the obese subjects (p=0.001). An 
opposite trend was observed for IBC In comparison to obese 



Table 1. Age, sex, and body measurements of the subjects. 





Normal controls 


Mildly obese 


Severely obese 


n 


45 


54 


152 


Age (years) 


44.0±13.3 


42.7±12.7 


40.2±16.9 


Sex (male/female) 


16/29 


17/37 


13/139 


BMI (kg/m 2 ) 


24.3±2.3 


32.5±2.1 


42.6±10.1 


WC (cm) 


85.5±12.3 


104.4±10.1 


181.6±12.3 


HC (cm) 


94.7±6.3 


114.3±8.9 


131.8±11.44 


WHR 


0.90±0.05 


0.91±0.06 


0.90±0.07 



BMI, Body mass index; HC, hip circumference; WC, waist circumference; WHR, waist-to-hip ratio 



63 



TurkJ Hematol 2014;31:61-67 



Altunoglu E, et ah Anemia and Iron Parameters in Obesity 



Table 2. Laboratory characteristics of the patients according to BMI. 





Normal controls 


Mildly obese 


Severely obese 


n 


45 


54 


152 


Hemoglobin (g/dL) 


13.6±1.1 


13.3±1.6 


12.8±1.3 


Hematocrit (%) 


41.0±3.8 


40.1±4.8 


38.5±3.6 


Iron (pmol/L) 


14.9±6.9 


13.6±6.3 


10.9±4.6 


IBC (pmol/L) 


52.8±9.4 


63.2±9.1 


63.2±10.8 


Ferritin (pmol/L) 


232.1±145.2 


172.1±224.3 


112.6±174.8 


CRP (nmol/L) 


15.2±14.3 


9.5±9.5 


10.5±9.5 



CRP, C-reactive protein; IBC, iron binding capacity 



Table 3. Haematologic laboratory characteristics of patients according to gender 





Normal male 


Obese male 


Normal female 


Obese female 


n 


13 


35 


15 


188 


Hemoglobin (g/dL) 


14.2±0.8 


14.7+1.1 


13.1±0.6 


12.7±1.2 


Hematocrit (%) 


14.0±2.6 


44.0±3.1 


39.0±2.4 


38.1±3.5 


Iron (pmol/L) 


103.0±33.4 


88.8±37.3 


82.0±23.8 


61.1±24.2 


IBC (pmol/L) 


283.8±59.9 


345.1±53.6 


296.2±43.7 


349.9±60.1 


Ferritin (pmol/L) 


149.3±73.1 


114.8±110.2 


72.9±45.7 


55.1±72.9 



subjects, those with normal weight had lower levels of IBC. 
The cut-off value for HOMA-IR was accepted as 2.5. There 
were 86 and 165 patients with HOMA-IR levels of <2.5 and 
>2.5, respectively. Hemoglobin levels in people with higher 
IR (as indicated by increased HOMA-IR) were slightly lower 
as compared to those with lower HOMA-IR values (13.1±1.5 
g/dL vs. 13.2±1.2 g/dL; p=0.36). No difference in hematocrit 
levels was observed between patients with >2.5 and <2.5 
HOMA-IR values (39.8±3.7% vs. 39.1±4.3%; p=0.20). 
Serum iron levels were significantly higher in the group 
with HOMA-IR values of<2.5 (11.6±4.9 pmol/L vs. 13.6±5.9 
pmol/L; p=0.008). IBC was found similar in both groups 
(60.2±11.4 pmol/L vs. 61.9±10.7 pmol/L; p=0.23). Ferritin 
levels were slightly higher in the group with >2.5 HOMA- 
IR values (156.1±209.5 pmol/L vs. 145.3±131.5 pmol/L; 
p=0.62). CRP levels in the group with high HOMA-IR values 
were higher than those in the group with low HOMA-IR 
values, but the difference was not significant (11.1±10.1 
nmol/L vs. 11.3+11.4 nmol/L; p=0.83). Demographic and 
hematological characteristics of the groups according to IR 
are shown in Table 3. 

Discussion 

Obesity and related complications as well as ID are 2 
major issues that affect significant proportions of the global 
population [9]. This is of considerable concern for the well- 
being of the population given that overweight and obese 



people are at increased risk for co-morbidities, functional 
decline, impaired quality of life, increased use of health care 
resources, and increased mortality. Iron plays a vital role in 
hemoglobin production and erythrocyte maturation. Two of 
the most common causes of anemia, IDA and the anemia 
of chronic inflammation, result from abnormalities in iron 
homeostasis [ 10] . Iron homeostasis in the body is controlled 
by a very complex mechanism, the main components of 
which are erythropoietic activity, hypoxia, iron stores, and 
inflammation [6]. 

However, iron may also function in the maintenance of 
body weight and composition, as a number of studies have 
suggested an association between iron status and obesity. 
The first such study published in 1962 by Wenzel et al., 
demonstrated significantly lower serum iron concentrations 
in obese adolescents in comparison to normal controls [11]. 
Subsequently, Selzer and Mayer reported similar findings 
in 1963 [12]. More recently, in a cross-sectional study, 
overweight Israeli children and adolescents had lower iron 
status compared with normal- weight individuals [7]. Data 
from NHANES III support these findings, as multivariate 
regression analysis determined that overweight American 
children were twice as likely to be iron deficient than normal- 
weight children and adolescents [13]. Similar associations 
have also been reported in adults [10]. 

Menzie et al. found significantly lower levels of serum 
iron and transferrin saturation in obese people when 
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compared to non-obese adult volunteers. They reported that 
the obese and the non-obese subjects did not differ in total 
daily iron consumption but that fat mass was a significant 
negative predictor of serum iron level [14]. 

Our study resulted in similar findings. We found 
significantly lower serum iron levels in severely obese 
patients than in the mildly obese group, and the mildly 
obese group had levels that were lower than those of the 
normal controls. IBC levels were lower in normal-weight 
individuals compared to obese patients. The mechanism 
underlying the reduced iron status in obese individuals 
remains to be clarified. Iron depletion might result from 
the increased iron requirement of obese people because 
of their larger blood volume and/or their consumption of 
energy-dense, nutrient-poor foods [3,7,14]. Another cause 
of hypoferremia may be the chronic inflammation seen 
in obesity [15]. Hepcidin levels are usually anticipated to 
increase due to the low-grade inflammation together with 
other acute phase markers, including ferritin. However, 
ferritin levels were unexpectedly lower in our obese patient 
group when compared to normal controls. This may partly 
be explained by the disproportionately higher male-to- 
female ratio in the control group. On the other hand, low 
ferritin levels in our obese patient group might also reflect 
the low total iron body stores. Although IDA was one of the 
exclusion criteria of this study, we might have missed cases 
of occult ID due to low-iron diets, poor absorption, etc. as 
the study was of cross-sectional design and no bone marrow 
biopsies were performed to confirm iron body stores. Yanoff 
et al. found similar results and stated that the hypoferremia 
of obesity appears to be explained both by true ID and by 
inflammatory-mediated functional ID [15]. 

As previously stated, obesity is characterized by 
the presence of low-grade inflammation and the risk 
of developing a number of chronic diseases such as IR, 
impaired glucose tolerance, and type 2 diabetes [16]. As 
expected, we observed a higher rate of IR in people with 
higher BMIs. We found a negative correlation between IR 
and serum iron levels. In the group with high HOMA-IR, 
serum iron and hemoglobin levels were low and serum IBC 
and ferritin values were high. 

Insulin causes a rapid stimulation of iron uptake by 
faT-cells and hepatocytes. Reciprocally, iron interferes with 
insulin action in the liver [17,18]. In addition, iron is a 
potent pro-oxidant that increases cellular oxidative stress, 
causing inhibition of insulin internalization and action, 
which results in hyperinsulinemia, IR, and abnormal |3-cell 
function through iron toxicity [16,20,21,22,23,24,25]. 
Furthermore, iron overload may lead to IR disorders such 
as the metabolic syndrome and type 2 diabetes [26,27] . This 
involvement appears to be bidirectional: on one hand, iron 
accumulation favors IR and thus contributes to pancreatic 
beta cell dysfunction and diabetes; on the other hand, IR 
seems to facilitate iron accumulation within the body [27]. 



Several studies have shown that IR is closely related to the 
total body iron stores [26]. Oxidative stress and inflammation 
are involved in the interplay between iron overload and IR 
[27]. Ferritin levels have been shown to correlate positively 
with blood glucose and fasting serum insulin and negatively 
with insulin sensitivity [28]. In our study, serum ferritin 
levels were higher in patients with IR. Ferritin is an index 
of body iron stores and is also an inflammatory marker. 
Increased serum ferritin concentrations and excessive iron 
can contribute to hyperinsulinemia and reduced insulin 
function [20,24]. High levels of serum ferritin have been 
suggested to be a component of IR. High ferritin levels in 
insulin-resistant patients are thought to be mainly the result 
of a chronic inflammatory state. Lee et al. recently reported 
a significant relationship between IR and ferritin levels [29] . 

The estrogen binding protein levels may be reduced with 
increasing adiposity with concomitant increase in insulin. 
Therefore levels of free estrogen may rise up which may cause 
suppression of erythropoesis in female [30]. In our study we 
found that both normal and obese female subjects had lower 
hemoglobin levels than male. This is in accordance with 
the knowledge that women have lower hemoglobin values 
than male subjects as determined by reference interwals of 
WHO. CRP values were higher in this group. Adipose tissue, 
especially visceral adipose tissue, releases pro-inflammatory 
cytokines such as interleukin-6, tumor necrosis factor-a, and 
plasminogen activator inhibitor-I, which lead to increased 
plasma levels of acute-phase proteins such as CRP [10,30,31]. 
Inflammation has been reported to be mild, but it can promote 
anemia [32]. The low-grade inflammation induced by the 
aforementioned cytokines may contribute to the development 
of obesity-associated anemia, which is characterized by 
hypoferremia and high to normal serum ferritin levels. We 
used CRP as an inflammatory marker in this study. CRP 
levels were increased in correlation with BMI, although the 
association was not statistically significant. However, earlier 
studies showed a strong association between high levels of 
BMI and elevated CRP as a surrogate marker of low-grade 
inflammation [9,15]. Proinflammatory cytokine release might 
lead to the increased production and secretion of hepcidin from 
liver and adipose tissue [33,34]. Hepcidin inhibits intestinal 
iron absorption and sequesters iron within the macrophages, 
thereby restricting iron availability for erythrocyte production 
by inducing hypoferremia [24]. Recent studies have shown 
that dietary iron absorption is impaired in obese individuals 
despite adequate dietary intake and bioavailability [31,35]. 

Limitations of our study include the lack of additional 
tests required for evaluation of iron status, such as transferrin 
receptor concentration, reticulocyte count, hepcidin levels, 
and bone morrow iron stores. Bone morrow aspirates for 
stainable iron are sometimes required to confirm ID in 
obese subjects with high IBC. As our aim was to investigate 
the hematological parameters in patients with IR, we did 
not evaluate hepcidin and the aforementioned parameters. 
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Another limitation is that this study was cross-sectional 
in design and therefore no conclusions regarding causal 
relationships could be drawn. The duration of obesity could 
not be calculated in our study population. 

Although obese patients had lower values for iron, they 
were not anemic. Given the cross-sectional design of this 
study subjects were not followed to determine whether they 
would develop IDA over time. 

Conclusion 

Increasing BMI has been associated with low serum iron 
and hemoglobin as well as elevated serum ferritin levels. 
These findings may be explained by the low-grade chronic 
inflammation of obesity and have been implicated in many 
obesity-related problems, such as IR. Subjects with IR may 
have subclinical abnormalities in iron status without anemia. 
Thus, routine screening for serum ferritin and serum iron 
in people with IR and obese patients should be considered 
to assess the body iron store and the risk for developing 
anemia. IR should be included in the differential diagnosis 
of hyperferritinemia. We recommend close monitoring of 
the iron status for people with IR and/or obesity who are 
on strict diet programs since hypoferremia appears to be 
the result of both true ID and the inflammatory-mediated 
functional ID. The patients with identified ID should receive 
iron supplements. 

Conflict of Interest Statement 

The authors of this paper have no conflicts of interest, 
including specific financial interests, relationships, and/ 
or affiliations relevant to the subject matter or materials 
included. 

References 

1. del Giudice EM, Santoro N, Amato A, Brienza C, Calabro 
P, Wiegerinck ET, Cirillo G, Tartaglione N, Grandone A, 
Swinkels DW, Perrone L. Hepcidin in obese children as a 
potential mediator of the association between obesity and 
iron deficiency. J Clin Endocrinol Metab 2009;94:5102- 
5107. 

2. Amato A, Santoro N, Calabro P, Grandone A, Swinkels 
DW, Perrone L, del Giudice EM. Effect of body mass index 
reduction on serum hepcidin levels and iron status in obese 
children. Int J Obes 2010;34:1772-1774. 

3. McClung JP, Karl JP. Iron deficiency and obesity: the 
contribution of inflammation and diminished iron 
absorption. Nutr Rev 2009;67:100-104. 

4. Chung B, Matak P, McKie AT, Sharp P. Leptin increases the 
expression of the iron regulatory hormone hepcidin in 
HuH7 human hepatoma cells. J Nutr 2007;137:2366-2370. 

5. Przybyszewska J, Zekanowska E, Kedziora-Kornatowska 
K, Boinska J, Cichon R, Porzych K. Prohepcidin and iron 
metabolism parameters in the obese elderly patients with 
anemia. J Nutr Health Aging 2011;15:259-264. 



6. Choudhry VP Hepicidin and its role in iron metabolism. 
IndianJ Pediatr 2010;77:787-789. 

7. Pinhas-Hamiel O, Newfield RS, Koren I, Agmon A, Lilos 
P, Phillip M. Greater prevalence of iron deficiency in 
overweight and obese children and adolescents. Int J Obes 
Relat Metab Disord 2003;27:416-418. 

8. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the 
link between insulin resistance, obesity and diabetes. Trends 
Immunol 2004;25:4-7. 

9. Cheng HL, Bryant C, Cook R, O'Connor H, Rooney 
K, Steinbeck K. The relationship between obesity and 
hypoferraemia in adults: a systematic review. Obes Rev 
2012;13:150-161. 

10. Ausk KJ, Ioannou GN. Is obesity associated with anemia 
of chronic disease? A population-based study Obesity 
2008;16:2356-2361. 

11. Wenzel BJ, Stults HB, Mayer J. Hypoferraemia in obese 
adolescents. Lancet 1962;2:327-328. 

12. Seltzer CC, Mayer JC. Serum iron and iron binding capacity 
in adolescents. II. Comparison of obese and non-obese 
subjects. Am J Clin Nutr 1963;13:341-361. 

13. Nead KG, Halterman JS, Kaczorowski JM, Auinger P, 
Weitzman M. Overweight children and adolescents: a risk 
group for iron deficiency. Pediatrics 2004;114:104-108. 

14. Menzie CM, Yanoff LB, Denkinger BI, McHugh T, Sebring 
NG, Calis KA, Yanovski JA. Obesity-related hypoferremia is 
not explained by differences in reported intake of heme and 
nonheme iron or intake of dietary factors that can affect iron 
absorption. J Am Diet Assoc 2008: 108:145-148. 

15. Yanoff LB, Menzie CM, Denkinger B, Sebring NG, McHugh 
T, Remaley AT, Yanovski JA. Inflammation and iron 
deficiency in the hypoferremia of obesity. Int J Obes (Lond) 
2007;31:1412-1419. 

16. Tuomainen TP, Nyyssonen K, Salonen R, Tervahauta A, 
Korpela H, Lakka T, Kaplan GA, Salonen JT. Body iron 
stores are associated with serum insulin and blood glucose 
concentrations. Population study in 1,013 eastern Finnish 
men. Diabetes Care 1997;20:426-428. 

17. Lecube A, Carrera A, Losada E, Hernandez C, Simo R, Mesa 
J. Iron deficiency in obese postmenopausal women. Obesity 
2006;14:1724-1730. 

18. de Luca C, Olefsky JM. Inflammation and insulin resistance. 
FEBS Lett 2008;582:97-105. 

19. Suarez-Ortegon MF, Arbelaez A, Mosquera M, Mendez E de 
Plata CA. Body iron stores as predictors of insulin resistance 
in apparently healthy urban Colombian men. Biol Trace 
Elem Res 2012;145:283-285. 

20. Senghor A, Bharathya N, Kumar JS, William E, 
Balasubramaniam. Serum ferritin, iron, TIBC, Hb in male 
patients with dysglycemia. Int J Biol Med Res 2012;3:1609- 
1611. 



66 



Altunoglu E, et ah Anemia and Iron Parameters in Obesity 



TurkJ Hematol 2014;31:61-67 



21. Dandona P, Hussain MA, Varghese Z, Politis D, Flynn DM, 
Hoffbrand AY Insulin resistance and iron overload. Ann 
Clin Biochem 1983;20:77-79. 

22. Ferrannini E. Insulin resistance, iron, and the liver. Lancet 
2000;355:2181-2282. 

23. Wilson JG, Lindquist JH, Grambow SC, Crook ED, Maher JE 
Potential role of increased iron stores in diabetes. Am J Med 
Sci 2003;325:332-339. 

24. Kang HT, Linton JA, Shim JY. Serum ferritin level is 
associated with the prevalence of metabolic syndrome in 
Korean adults: Lhe 2007-2008 Korean National Health 
and Nutrition Examination Survey Clin Chim Acta 
2012;413:636-641. 

25. Fargion S, Dongiovanni P, Guzzo A, Colombo S, Valanti 
L, Fracanzani L. Iron and insulin resistance. Aliment 
Pharmacol Lher 2005;22(Suppl. 2):61-63. 

26. Ford ES, Cogswell ME. Diabetes and serum ferritin 
concentration among U.S. adults. Diabetes Care 
1999;22:1978-1983. 

27. Martinez-Garcia MA, Luque-Ramirez M, San-Millan 
JL, Escobar-Morreale HE Body iron stores and 
glucose intolerance in premenopausal women: role of 
hyperandrogenism, insulin resistance, and genomic 
variants related to inflammation, oxidative stress, and iron 
metabolism. Diabetes Care 2009;32:1525-1530. 

28. Zafon C, Lecube A, Simo R. Iron in obesity. An ancient 
micronutrient for a modern disease. Obes Rev 2010; 1 1 :322- 
328. 



29. Lee JY, Park JM, Hong JA, Lee DC, Im JA, Lee JW. Serum 
ferritin is differentially associated with anti-oxidative status 
and insulin resistance in healthy obese and non-obese 
women. Korean J Fam Med 2012;33:205-210. 

30. Zeyda M, Stulnig TM. Obesity, inflammation and insulin 
resistance-a mini-review. Gerontology 2009;55:379-386. 

3 1 . Lussing-Humphreys LM, Nemeth E, Fantuzzi G, Freels S, 
Holterman AX, Galvani C, Ayloo S, Vitello J, Braunschweig 
C. Decreased serum hepcidin and improved functional iron 
status 6 months after restrictive bariatric surgery. Obesity 
2010;18:2010-2016. 

32. Roy CN. Anemia of inflammation. Hematology Am Soc 
Hematol Educ Program 2010;2010:276-280. 

33. Escobar-Morreale HE Iron metabolism and the polycystic 
ovary syndrome. Trends Endocrinol Metab 2012;23:509- 
515. 

34. Hintze KJ, Snow D, Nabor D, Timbimboo H. Adipocyte 
hypoxia increases hepatocyte hepcidin expression. Biol 
Trace Elem Res 2011;143:764-771. 

35. Aeberli I, Hurrell RF, Zimmermann MB. Overweight 
children have higher circulating hepcidin concentrations 
and lower iron status but have dietary iron intakes and 
bioavailability comparable with normal weight children. Int 
J Obes 2009;33:1111-1117. 



67 



